. Band structure and carrier dynamics schematic of NW QWs composed of (a) AlGaAs and (b) GaAsP material systems.
As can be seen in Figure S1a , the AlGaAs/GaAs quantum well (QW) is built on a GaAs core nanowire (NW). The GaAs core forms a potential minimum and can therefore trap a large number of carriers at the centre of the NW. As a result, these carriers cannot contribute to the quantum well emission. In contrast, the GaAsP/GaAs QW is built on a GaAsP core NW and there is no potential minimum at the centre of the NW ( Figure   S1b ). A higher fraction of injected carriers are hence captured by the quantum well and contribute to its emission. As shown in Figure S2a , the bottom of the NW has a uniform contrast and no stackingfault related contrast difference is observed, indicating a high-quality, single crystal structure. The middle part has a slight contrast difference ( Figure S2b) , which indicates the generation of stacking faults. The tip has an irregular morphology which accompanies a higher-density of stacking faults and threading dislocations ( Figure   S2c ). We have modelled energy band edge profiles and calculated the lowest confined electron and heavy-hole energies using NextNano software. 5 This uses an 8-band k.p envelope function approximation to solve the Schrödinger equation for the single GaAs-GaAsP NW QW structure in one dimension along a line joining two opposite NW facets. The simulation includes pseudomorphic strain, with the 46% phosphorous outer shells assumed to be unstrained as these represent the largest volume of material.
The calculated QW emission wavelength as a function of QW width is shown in Figure   S5 The temperature dependence of the photoluminescence (PL) intensity was measured for an ensemble of NWs. The integrated intensity, normalised to the low temperature value, is shown in Figure S7 . The temperature-dependent PL quenching processes can be analyzed by fitting the data using a modified Arrhenius equation, 6
where I 0 is the low temperature intensity, E 1 and E 2 are activation energies for processes that remove carriers from the optically active state, the QW in this case, and A 1 and A 2 characterize the strengths of the two processes and are determined in part, by the number of states to which carrier loss can occur. The fitting procedure gives a value for E 1 of 151 meV; this process is associated with non-radiative recombination centres at Page 8 of 10 the GaAsP surface. 6 E 2 is 12512 meV.
The ratio A 1 /A 2 for the current structure (8x10 -4 ) is much smaller than previously reported values for related structures, for example 2x10 -2 for a GaAs/GaAs 0.85 P 0.15 coaxial structure without a QW 6 and infinity for pure GaAs NWs. This result suggests that carrier loss to surface non-radiative recombination is greatly reduced in the present structure. For example, carriers on the inner side of the QW are inhibited from reaching the surface due to the deep QW. The influence of the QW on the PL emission of the NW is further studied by comparing the optical properties of core-shell GaAsP NWs grown with and without a GaAs QW. Figure S8a shows 10K macro-PL spectra recorded from ensembles of the as-grown NWs which, for the GaAsP/GaAs NW QWs, probe both the defect-free lower and defective tip regions. The spectrum of the NW QW sample comprises two peaks, representing emission from the defective tip at ~765nm and from the defect-free region
